Studies on the Control of Morphologies and Surface Structures of Rhodium Nanocrystals and their Catalytic Properties by 杨亚男
  
学校编码：10384                        分类号_______密级 __ ____ 
学号：20520131151645                              UDC _______ 
 
硕 士 学 位 论 文 
铑纳米晶形貌与表面结构的调控及其 
对催化性质的影响研究 
Studies on the Control of Morphologies and Surface 
Structures of Rhodium Nanocrystals and their Catalytic 
Properties 
杨亚男 
指导教师姓名： 谢 兆 雄  教 授 
专 业 名 称： 物 理 化 学 
论文提交日期： 2 0 1 6 年  月 
论文答辩日期： 2 0 1 6 年  月 
学位授予日期： 2 0 1 6 年  月 
 
答辩委员会主席：          






























Studies on the Control of Morphologies and Surface 




A Thesis Submitted to the Graduate School in Partial Fulfillment of the 







Prof. Zhaoxiong Xie 
 
 


































另外，该学位论文为（                       ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的







声明人（签名）：            


































（      ）1.经厦门大学保密委员会审查核定的保密学位论文，
于    年   月   日解密，解密后适用上述授权。 







声明人（签名）：        





























摘要 ...................................................................................................................... I 
Abstract ............................................................................................................ III 
第一章 绪论 ...................................................................................................... 1 
§1.1引言 ....................................................................................................... 1 
§1.2贵金属纳米材料概述 ........................................................................... 2 
§1.2.1 贵金属纳米材料的特性............................................................ 2 
§1.2.2 贵金属纳米材料的应用............................................................ 3 
§1.2.3 影响贵金属纳米材料催化性质的因素.................................... 6 
§1.3 Rh的应用 ........................................................................................... 15 
§1.3.1 加氢反应简介.......................................................................... 16 
§1.3.2 乙醇燃料电池简介.................................................................. 17 
§1.4 Rh基纳米晶可控合成研究现状 ....................................................... 18 
§1.5本论文选题依据和研究内容 ............................................................. 20 
参考文献 ..................................................................................................... 22 
第二章 二十面体 Rh纳米晶的合成及催化性质研究 ..................... 35 
§2.1引言 ..................................................................................................... 35 
§2.2实验部分 ............................................................................................. 36 
§2.2.1 实验试剂.................................................................................. 36 
§2.2.2 仪器表征.................................................................................. 36 
§2.2.3 实验步骤.................................................................................. 37 
§2.3 结果讨论 ............................................................................................ 38 
§2.3.1 二十面体 Rh纳米晶的表征 ................................................... 38 
§2.3.2 二十面体 Rh纳米晶的尺寸调节 ........................................... 39 
§2.3.3 二十面体 Rh纳米晶的生长机理探究 ................................... 40 
§2.3.4 二十面体和四面体 Rh纳米晶的催化性质比较 ................... 44 













目  录 
 
II 
参考文献 ..................................................................................................... 47 
第三章 金字塔型多级结构 Rh纳米晶的合成和性质 ..................... 51 
§3.1引言 ..................................................................................................... 51 
§3.2实验部分 ............................................................................................. 52 
§3.2.1 实验试剂.................................................................................. 52 
§3.2.2 仪器表征.................................................................................. 52 
§3.2.3 实验步骤.................................................................................. 53 
§3.3结果讨论 ............................................................................................. 54 
§3.3.1 金字塔型多级结构 Rh纳米晶的表征 ................................... 54 
§3.3.2 金字塔型多级结构 Rh纳米晶的生长过程 ........................... 55 
§3.3.3 金字塔型多级结构 Rh纳米晶的生长机理探究 ................... 56 
§3.3.4 金字塔型 Rh多级结构的催化性质研究 ............................... 59 
§3.4本章小结 ............................................................................................. 61 
参考文献 ..................................................................................................... 61 
第四章 半中空的和完美的五重孪晶 Rh 纳米晶的合成及生长机
理研究 ............................................................................................................... 64 
§4.1 引言 .................................................................................................... 64 
§4.2 实验部分 ............................................................................................ 65 
§4.2.1 实验试剂.................................................................................. 65 
§4.2.2 仪器表征.................................................................................. 65 
§4.2.3 实验步骤.................................................................................. 65 
§4.3结果讨论 ............................................................................................. 67 
§4.3.1 半中空五重孪晶 Rh纳米晶结构表征 ................................... 67 
§4.3.2 半中空五重孪晶 Rh纳米晶的生长过程 ............................... 68 
§4.3.3 半中空五重孪晶 Rh纳米晶的生长机理 ............................... 69 
§4.3.4 完美五重孪晶 Rh纳米晶的合成 ........................................... 72 
§4.4本章小结 ............................................................................................. 74 













目  录 
 
III 
第五章 正丁胺辅助合成 Rh及 RhNi合金纳米晶 ........................... 77 
§5.1引言 ..................................................................................................... 77 
§5.2实验部分 ............................................................................................. 78 
§5.2.1 实验试剂.................................................................................. 78 
§5.2.2 仪器表征.................................................................................. 78 
§5.2.3 实验步骤.................................................................................. 79 
§5.3结果讨论 ............................................................................................. 79 
§5.3.1 Rh纳米晶的形貌调控 ............................................................. 79 
§5.3.2 RhNi合金的组分调控 ............................................................. 81 
§5.3.3 RhNi合金的形貌调控 ............................................................. 82 
§5.4本章小结 ............................................................................................. 84 
参考文献 ..................................................................................................... 84 
总结与展望 ...................................................................................................... 87 
附录：攻读硕士期间发表的 SCI论文 .................................................. 88 


























Table of Contents 
 
I 
Table of Contents 
Abstract in Chinese ........................................................................................ I 
Abstract in English ....................................................................................... III 
Chapter 1 Introduction ................................................................................. 1 
§1.1 Preface ................................................................................................... 1 
§1.2 Summerize of nobel metal nanomaterials.......................................... 2 
§1.2.1 Unique properties of nobel metal nanomaterials ........................ 2 
§1.2.2 Applications of nobel metal nanomaterials ................................. 3 
§1.2.3 Influence of structure on the catalytic property of nobel metal 
nanomaterials ......................................................................................... 6 
§1.3 Applications of Rh nanocrystals ....................................................... 15 
§1.3.1 About hydrogenation ................................................................. 16 
§1.3.2 About direct ethanol fuel cell .................................................... 17 
§1.4 Research status about controlled synthesis of Rh nanocrystals .... 18 
§1.5 Objectives and contents of this thesis ............................................... 20 
References ................................................................................................... 22 
Chapter 2 Synthesis and catalytic property of icosahedral Rh 
nanocrystals .................................................................................................... 35 
§2.1 Introduction ........................................................................................ 35 
§2.2 Experimental Section ......................................................................... 36 
§2.2.1 Reagents .................................................................................... 36 
§2.2.2 Instruments ................................................................................ 36 
§2.2.3 Experimental procedures .......................................................... 37 
§2.3 Results and discussion ....................................................................... 38 
§2.3.1 Characterization of icosahedral Rh nanocrystals ...................... 38 
§2.3.2 Size control of icosahedral Rh nanocrystals ............................. 39  













Table of Contents 
 
II 
§2.3.4 Catalytic properties of Rh icosahedra and tetrahedra ............... 44 
§2.4 Conclusions ......................................................................................... 46 
References ................................................................................................... 47 
Chapter 3 Synthesis and catalytic property of pyramidal Rh 
hierarchical structure .................................................................................. 51 
§3.1 Introduction ........................................................................................ 51 
§3.2 Experimental Section ......................................................................... 52 
§3.2.1 Reagents .................................................................................... 52 
§3.2.2 Instruments ................................................................................ 52 
§3.2.3 Experimental procedures .......................................................... 53 
§3.3 Results and discussion ....................................................................... 54 
§3.3.1 Characterization of pyramidal Rh hierarchical structure .......... 54 
§3.3.2 Growth procedure of pyramidal Rh hierarchical structure ....... 55 
§3.3.3 Growth mechanisum of pyramidal Rh hierarchical structure ... 56 
§3.3.4 Catalytic properties of pyramidal Rh hierarchical structure ..... 59 
§3.4 Conclusions ......................................................................................... 61 
References ................................................................................................... 61 
Chapter 4 Synthesis and growth mechanisum of semi-hollow 
cyclic penta-twinned Rh nanocrystals and perfect icosahedral Rh 
nanocrystals .................................................................................................... 64 
§4.1 Introduction ........................................................................................ 64 
§4.2 Experimental Section ......................................................................... 65 
§4.2.1 Reagents .................................................................................... 65 
§4.2.2 Instruments ................................................................................ 65 
§4.2.3 Experimental procedures .......................................................... 65 
§4.3 Results and discussion ....................................................................... 67 














Table of Contents 
 
III 
§4.3.2 Growth procedure of semi-hollow cyclic penta-twinned Rh 
nanocrystals.......................................................................................... 68 
§4.3.3 Growth mechanisum of semi-hollow cyclic penta-twinned Rh 
nanocrystals.......................................................................................... 69 
§4.3.4 Synthesis and characterization of perfect icosahedral Rh 
nanocrystals.......................................................................................... 72 
§4.4 Conclusions ......................................................................................... 74 
References ................................................................................................... 75 
Chapter 5 N-butylamine assisted synthesis of Rh and RhNi alloy 
nanocrystals .................................................................................................... 77 
§5.1 Introduction ........................................................................................ 77 
§5.2 Experimental Section ......................................................................... 78 
§5.2.1 Reagents .................................................................................... 78 
§5.2.2 Instruments ................................................................................ 78 
§5.2.3 Experimental procedures .......................................................... 79 
§5.3 Results and discussion ....................................................................... 79 
§5.3.1 Shape control of Rh nanocrystals ............................................. 79 
§5.3.2 Composition control of RhNi alloy nanocrystals...................... 81 
§5.3.3 Shape control of RhNi alloy nanocrystals ................................ 82 
§5.4 Conclusions ......................................................................................... 84 
References ................................................................................................... 84 
Summary and outlook ................................................................................. 87 
Appendix: List of publications ................................................................. 88 


























Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
